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ABSTRACT 
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SOLID AMINE DEVELOPMENT PROGRAM 
CONTRACl' NO. NAS 9-12957 
APRIL 1973 
by John S. Love11 
HS-C is a regenerable solid amine material being developed (under NASA con- 
tract)  t o  perfom the functions of humidity control and C02 removal for a Space 
Shuttle type vehicle. Both small scale and large scale testing have shown . 
th i s  material t o  be competitive, especially for the longer Shuttle missions. 
However, it had been observed that HS-C off-gasses ammonia under certain 
conditions. This presented two concerns. The first, that the ammonia 
would contaminate the cabin atmosphere, and second, that the material is 
degrading with time. 
I t  was because of these concerns that a program w a s  undertaken t o  learn 
the nature and rate of the reactions involved. 
has shown HS-C to  produce only trace quantities of atmospheric contaminants, 
and under n o m 1  extremes, t o  have no practical l i f e  limitation. 
An extensive t e s t  program 
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This report has been prepared by the Hamilton Standard Division of 
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t ra t ion 's  Lyndon B. Johnson Space Center i n  accordance with Contract 
NAS 9-12957. 
and the date of issue. 
The report covers work accumplished between July 1, 1972 
Appreciation i s  expressed t o  the Technical Monitors, Mr. Richard J. 
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Polyethyleneimine (PEI) 1800 which i s  a key constituent of HS-C under- 
goes a continuous process of cross-linking. 
formed and released. 
greatly accelerated by increased temperature. 
does not present a problem either from the standpoint of atmosphere contam- 
ination, o r  l i f e  limitation. 
i f  the exposure times are limited. 
a f te r  exposure to  120°F for 44 hours followed by 15O'F for  36 hours. 
Annnonia generation rates are less than 1% of those expected from 
metabolic sources, based on the generation rates detennined from this 
program as compared t o  those from present Shuttle specifications. 
temperatures in  both n o m 1  atmospheric and zero q g e n  levels.. These tests 
showed m o n i a  (NH ) generation t o  be a strong function of temperature w i t h  
the ra te  approxima z ely doubling f o r  every 10'F increase. Without oxygen the 
rate is greatly reduced. 
loss  of active imine. 
150°F. 
(16.5 years) a t  70°F. 
In the process, ammonia is 
The cross-linking process requires oxygen and is 
Under normal conditions (80°F) the rate of cross-linking is low and 
Temperature extremes of 150°F are acceptable 
Test experience showed no degradation 
One pound samples of HS-C were tested fo r  off-gassing over a range of 
h o n i a  generation decreases with time showing a 
Total l o s s  occurs i n  1100 hours a t  a temperature of 
Based on off-gassing rates this would extrapolate t o  145,000 hours 
A quantity of material (6.65 pounds) sufficient to  f i l l  an existing 
canister w a s  prepared and tested under simulated mission conditions and each 
mission consisted of heating t o  120°F for four hours and then performance test- 
ing for four days. A total  of eight missions w a s  simulated. Subsequent to  the 
mission testing the canister w a s  exposed t o  hydrogen sulfide and 150°F temper- 
atures. 
The large scale tes t s  confirmed that m o n i a  production rates were not 
excessive with nearly identical results as obtained from the off-gassing 
tests.  The rate a t  80°F is 36 x grams/hour - l b  HS-C. A t  th i s  rate 
the concentration of m n i a  produced by HS-C would reach maximrm specification 
limits only a f te r  eight days and then only i f  no ammonia removal system were 
included. There was no perfomance degradation experienced af ter  1200 hours 
of test of which 44 hours were at 120'F and 36 hours were at 150°F. 
equivalent t i m e  based on off-gas rates i s  3960 hours o r  sufficient for  23 
The to ta l  
seven-day missions. 
atmosphere. 
No detrimental 
For long-storage, HS-C could be stored in an oxygen free 
effect resulted from the exposure t o  hydrogen sulfide. 
1 
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A ten-man systemwas sized, based on large scale testing, and a detailed 
design of the canister w a s  made. 
each containing 29.3 pounds of HS-C. 
system is 65 watts a t  an airflow of 58.6 cubic feet  per minute. 
The system would require two active canisters 
The fan power required for the ten-man 
2 
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INTRODUCTION 
Metabolic water vapor and carbon dioxide have historically been removed 
from the spacecraft cabin by a condensing heat exchanger and lithium hydroxide 
(LiOH) , respectively. "he condensing heat exchanger offers the possibility 
of water reclamation and the LiCH system a d ~ ~ r b s  large quantities of M2 in 
a small bed. However, these advantages fade in the space Shuttle because of 
the ready availability of fuel cell product water and the longer mission 
length and larger crew size, which require increasing quantities of the non- 
regenerable LiOH. 
A new water vapor and carbon dioxide sorbent called HS-C now has been 
developed to  remove the metabolic products from the cabin using a single 
sorbent bed. 
microns) a t  the adsorption temperature, o r  by a mild vacuum (1/2 psia) a t  higher 
temperature (200'F) f o r  a limited number of cycles. 
I t  can be regenerated on a continuous basis by a hard vacuum (SO 
HS-C is  made frm a spherical porous substrate (diameter about 0.5 nun) , 
which is  coated with a thick non-volatile liquid which chemically adsorbs COz 
HS-C i s  currently of interest t o  the designers of the Space Shuttle l i f e  
and H20. 
support system for removal of metabolic water and carbon dioxide from the cabin. 
Competing systems are the flight-proven lithium hydroxide, which requires care- 
ful preflight preparation of the high capacity non-regenerable material plus 
the usual condensing heat exchanger for humidity control; and a silica gel, 
molecular sieve system which shares some of the HS-C's system advantages but 
can be poisoned with water vapor. 
loop connections, needing only space vacuum and electrical  connections t o  
perform within the cabin environment. 
between flights. 
The HS-C system is especially desirable because it requires no liquid 
The material need not be replaced 
This program is the third in a series designed t o  develop HS-C to a 
status acceptable for consideration on a f l ight  program. Previous phases, 
contracts NAS 1-5944 and NAS 9-11971, have demmstrated the material t o  
be competitive from a performance standpoint, and t o  pass most f l ight  material 
specifications. 
characteristics. 
This program was designed to  evaluate off-gassing and l i f e  
3/4 
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The basic objective of this  program was  t o  evaluate the off-gassing and 
l i f e  characteristics of HS-C. I t  is the third in  a series of tasks designed 
t o  develop HS-C to  a status acceptable for  consideration on a f l ight  program. 
The program consisted o f  three major tasks: 
Off-gas Investigation 
Mission Simulation 
Flight Concept Definition. 
Off-Gas Investigation 
This task was designed t o  identify the mechanism by which m n i a  is 
generated and t o  quantify generation rates. The suspect mechanisms included 
contaminants i n  the PEI, oxidation, thermal decmposition and cross-linking, 
Large Scale Mission Simulation 
The objective of this task  was  t o  evaluate a full scale HS-C canister 
under worst case mission simulations. 
of performance degradation and ammonia off-gassing rates. 
ature extremes and acid gasses on performance also were considered. 
O f  special interest  were any signs 
Effects of temper- 
Flight Concept De f ini tion 
The objective of this task was t o  develop a system design concept 
applicable t o  the Space Shuttle including a schematic, operating parameters, 
and fail  operational, f a i l  safe features. 
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CONCLUSIONS 
Testing, t o  date, has shown HS-C to  be acceptable for f l ight  application. 
After 1100 hours of mission simulation including temperature extremes 
of 120'F and 150'F, the material shows no performance degradation. 
Under noma1 operating conditions, the amount of amnonia generated by 
HS-C is negligible. 
as compared to  an expected metabolic generation of 3.0 grams per day, 
per the present Shuttle specificaticn. 
A ten-man system w i l l  produce 0.025 grams per day 
HS-C can withstand limited exposure t o  temperatures as  high as 150'F with 
l i t t l e  or no performance degradation. 
cause the material to  degrade. 
HS-C does not degrade when exposed t o  hydrogen sulfide. 
Thirty-six hours at  150'F did not 
The imine used in HS-C is continually cross-linking t o  form a higher 
mlecular weight imine. 
with increasing temperature. Ammonia is  released by the process. Cross- 
This process requires oxygen and is accelerated 
linking goes t6  completion in 1100 hours a t  150'F &d is predicted to  
require 16.5 years at 70'F. 
When fully cross-linked HS-C no longer has a capacity for  cO2 o r  water 
as demonstrated by samples exposed to  150°F for  1100 hours. 
Manufacture of Shuttle mission quantities of %-C is  practical with the 
techniques developed under this  program. 
I 
I 
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For development of a f l ight  system, it is  recamnended that a represen- 
ta t ive breadboard Shuttle regenerable 0 2  and humidity control system be 
tested. The system would be sized and configured t o  meet Shuttle design 
c r i t e r i a  and be optimized for overall penalty. 
designed t o  be of f l ight  size and o f  f l ight concept. Valves and ducting 
should be of proper size but could be camnercid hardware. 
a cabin volume. 
mission profiles. 
NAS 9-1171, has indicated the basic HS-C material t o  be compatible with 
Shuttle requirements. 
i s  t o  investigate the system aspects of its application. 
The HS-C canisters should be 
The t e s t  fac i l i t i es  should incluiie a chamber large enough to  simulate 
Test conditions should include both extreme and typical 
Feasibility testing conducted under th i s  and the preceding contract, 
The logical next phase in the development of HS-C 
The informatian desired includes : 
Packaging methods 
Retention methods 
Canister f i l l i ng  methods 
0 Representative fl ight canister performance 
0 Operation in a simulated cabin volume 
Thermal interaction between desorbing and adsorbing beds 
0 Humidity control capability over a range of metabolic loads 
co;! removal capability oyer a range of metabolic loads. 
Previous large scale testing was accomplished using a comnercial, liquid 
cooled finned tube heat exchanger as the HS-C canister. 
thickness was three inches. 
canister under constant in le t  condition. 
consist of a high performance plate f i n  heat exchanger. 
each HS-C bed would be increased t o  four or  five inches t o  improve packaging 
density and overall weight. 
Ihe maxim bed 
A f l ight  concept canister would 
The thickness o f  
Performance testing was done with a single 
For greater system simplicity, cabin air would be used as the heat trans- 
port fluid. 
temperature changes in  the a i r  and corresponding changes in  HS-C performance 
can be determined only by testing of a two canister system with the proper 
This same a i r  would then go t o  the adsorbing HS-C bed. The 
9 
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thermal response. 
conducted uti l izing two flight-representative canisters. 
sure w i l l  vary during each adsorb cycle. A t  the beginning of  the cycle, 
bed capacity is high and levels of COX and H20 w i l l  start-high then chop 
t o  a minimum, rising to maximum levels a t  the end o f  the cvcle. 
formance w i l l  be somewhat different than that determined with constant 
conditions. 
uti l ized for proper simulation. 
I t  is recommended therefore, that future HS-C testing be 
In an actual cabin volume, carbon dioxide level and water par t ia l  pres- 
Bed ner- 
Therefore, it is recomended that a simulated cabin volume be 
10 
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The objective of the off-gas investigation was  t o  determine the 
mechanism responsible for the off-gassing of m n i a  f r o m  HS-C and t o  
quantify ammonia generation rates. 
DISCUSSION 
The i n i t i a l  step in  this investigation was  to  contact experts in  the 
f ie ld  of imine chemistry. n e s e  included MI-. Larry Potter, Imine Research, 
Daw aemical Company, and Dr. G. Berchtold, M.I.T. 
and based on research conducted a t  Dow Chemical Company, it w a s  concluded 
that the most probable cause for ammonia generation w a s  cross-linking of 
the polymer. 
From these consultations 
Other potential causes included thermal decomposition and contaminants 
introduced in the manufacturing process. 
causes w e r e  microbiological in  nature. 
A remote possibility w a s  that the 
A test program t o  identify and quanti+ off-gassing w a s  conducted, The 
parameters investigated included: 
0 Temperature 
0 Humidity Level 
0 Normal Oxygen Levels 
0 Oxygen Free Atmosphere. 
Also investigated was  the abil i ty of HS-C t o  support microbiological 
growth, namely fungi. 
Testing w a s  conducted with one pound samples of Hs-C produced during 
the previous program phase. 
and a continuous flow of gas maintained through the sample. 
w a s  measured in the effluent gas stream. 
by placing the sample containers i n  ovens. 
temperature to  150°F with both normal and oxygen free environments. 
The samples were  placed i n  metalic containers 
Anunonia content 
Temperature control w a s  maintained 
There were five samples maintained at  temperatures ranging from room 
U 
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Conclusions 
The production of amrnonia i s  a strong function of both oxygen content 
and temperature, the production rate at  70°F with oxygen being 18 x 10-6 
grams/hour - lb HS-C. 
as much. 
10-6 grams/hour - l b  HS-C. 
active material is being depleted. 
ature the ammonia production rate w a s  essentially zero indicating that the 
active imine w a s  depleted. 
145,000 hours (16.5 years) . 
A t  150°F this increases t o  2400 x 10-6, or 133 times 
in  the absence of oxygen the rate a t  150°F is 100 x By contrast, 
Ammonia production decreased with time indicating that the amount of 
A t  the end of 1100 hours a t  150°F temper- 
A t  room temperature this  should increase t o  
Based on the results of this  testing and information f r o m  Dow Chemical 
Moisture 
Company, it w a s  concluded that cross-linking of the polymer is  responsible 
for the generation of ammonia from HS-C. 
place onlyatelevated temperatures and i n  the presence of oxygen. 
level does not measurably affect the cross-linking process. 
Significant reaction rates take 
During the cross-linking process, the number of primary imine groups is  
decreased with the eventual s ta te  being a l l  ter t iary groups. Because only 
primary groups have been found t o  have an appreciable capacity for cx)2, it 
was assumed that fully cross-linked HS-C would no longer adsorb 0 2 .  This 
assumption was verified by t e s t  of a sample which had been exposed to  oxygen 
a t  150'F for 1100 hours. The material had essentially zero capacity. 
I t  also was substantiated by t e s t  that  B - C  w i l l  not support micro- 
biological l i f e  forms. 
Description of Test Apparatus 
Five cylindrical containers were prepared by f i l l i ng  each with HS-C, 
Series 111, material and one with PEI-18. 
s e t  up wi th  sample numbers 1 and 2 in  one oven and sample numbers 3, 4 ,  5, 
and 6 i n  a second oven. 
purge and samples 2 , 4 ,  and 6 were se t  up with room air as the purge gas. 
After 699.5 hours of purge time on sample 1, it was removed from the oven 
and s e t  up on the work bench a t  room anbient temperature and the purge gas 
changed from helium to  room ambient air. 
f inal  t e s t  setup. 
gas scrubber collection bottles. 
the gas flow for  each sample a t  the collection bottle outlet. 
These s ix  samples were originally 
Samples 1, 3, and 5 were set up for  helium gas 
Figure 1 shows a schematic of the 
Each container outlet  had a tygon tube connecting t o  the 
A portable flow meter was used t o  measure 
1 2  
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Cylinder #1 
Cy 1 inde r # 2 
Cylinder #3 
Cylinder #4 
Cylinder #5 
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Weight 
Atmosphere 
Flow rate 
Temperature 
Weight 
Atmosphere 
Flow rate 
Temperature 
Weight 
Atmosphere 
Flow rate 
Temperature 
Weight 
Atmosphere 
Flow rate 
Temperature 
Weight 
Atmosphere 
Flow rate 
Temperature 
Each container has a Hoke micro adjustment valve an the in le t  l ine t o  
permit flow adjustment. 
the room a i r  gas. 
dry the room air gas. 
Sample 4 had a water bubbler in  l ine to  saturate 
Sample 6 had a s tee l  cylinder f i l l ed  with s i l i c a  gel to  
Cylinder #6 
A helium bottle was used for  helium gas supply and a Diapump w a s  used 
for the room air gas supply. 
measure the nitrogen-amnonia scrubbed mt in  the collection bottles. 
graphs of  the t e s t  setup are shown in figure 2 .  
A Coleman Spectrophotometer 295 w a s  used to  
Photo- 
Weight 
Atmosphere 
Flow rate 
Temperature 
The samples tested are shown in  Table I. 
TABLE I 
OFF-GAS TEST SAMPLE IDENTIFICATION 
I 
424 grams HS-C 
Roam a i r  
15  cc/min, nominal 
72°F nominal 
369 grams HS-C 
Room air 
15 cc/min, nominal 
125°F 
417 grams HS-C 
Helium 
15  cc/min, nominal 
150°F 
391 grams HS-C 
Wet room air 
15 cc/min, nominal 
150°F 
110 grams PEI 
Helium 
15 cc/min, nominal 
150°F 
134 grams HS-C 
Dry room a i r  
15 cc/min, nominal 
150'F 
1 4  
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Figures 3 through 8 show all t e s t  data points obtained. Prior t o  
September 27, 1972 the armnonia scrubber had been attached only when a 
sample w a s  being taken. 
t e s t  procedure described in Appendix D w a s  adopted, the amount of variation 
between tes t  points w a s  reduced. 
shows m o n i a  production as a function of temperature in  humid oxygen envi- 
ronment. 
shown. 
This resulted in some flow variation. After the 
Figures 9 and 10  were constructed for  the combined data. Figure 9 
Both the to ta l  test data extremes and a mean generation rate are 
The slope of the man cum shows that reaction rate approximately 
Ibis is not an unusual doubles for every 10°F increase in temperature. 
characteristic for  chemical reactions. A t  150°F the to ta l  band width f o r  
a dry atmosphere w a s  essentially the same as that  for the humid atmosphere 
indicating that moisture does not play a significant role in  the reaction. 
phere. 
considerably less than that obtained in oxygen. 
data for each of the samples. Prior t o  September 15, 1972 a chromatographic 
technique had been used t o  determine annnonia content. 
inaccurate and as a result no test data is shown unt i l  after September 15th, 
when the wet chemistry technique was adopted. 
fo r  700 hours and then switched to  air in order to  obtain more a i r  data. 
Figure 10  shows the band obtained with a helium (owgen free) atmos- 
Ammonia production appears less dependent on temperature and is  
Figures 3 through 8 show 
?his method proved 
Figure 3 shows the results f r o m  sample 1. 7his sample was run in  helium 
Sample 2 ,  figure 4,  w a s  run over a range of temperatures t o  obtain data 
a t  intermediate points. 
off-gassing occurring as a result  of temperature change. 
Sample 4,  figure 5, shows the results of testing at 150°F in a normal 
atmosphere. 
reach zero a t  approximately 1100 hours. 
with dry rather than humid air but gives results nearly identical t o  those 
shown in  figure 5 (note different scales). 
Sample 3, figure 7, w a s  maintained at 150°F i n  a helium (oxygen free) 
atmosphere. 
rates decreased w i t h  time. 
of off-gassing and not due t o  depletion of the active coating. 
production rates would indicate that it would require 30,000 hours t o  deplete 
a l l  active PEI a t  these conditions. 
Data scatter appears quite large probably due t o  
Anmnia production decreases with time and would appear t o  
Sample 6, figure 6 ,  w a s  purged 
Like with the samples exposed t o  oxygen, ammania production 
I t  is suspected, however, that  th i s  is a result  
Ammonia 
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I 
A sample of PEI, sample six, also w a s  tested. The amount of PEI in 
the container was  the amount used as a coating for the other samples, 21% 
by weight. 
for sample 3, indicating that the substrate had only a minor effect on 
reaction rate a t  these conditions. 
The results, shown in figure 8, were approximately the same as 
A sample of Hs-C w a s  tested t o  determine whether it would support 
fungus growth. 
is  included as Appendix E. 
No growth w a s  found. The laboratory report for this t e s t  
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MISSION SIMULATION 
The objective of this  t a s k  was  t o  determine ammania production rates 
under normal operating conditions and to  detennine degradation under worst 
case conditions. 
DISCUSSION 
An 8.5 pound quantity of HS-C (designated HS-C Series IV) w a s  prepared 
for this  task. 
and installed in a multi-purpose test rig. 
t o  obtain a performance baseline. 
day mission simulations. 
t o  120'F and held a t  that temperature for four hours. 
mission simulations the canister w a s  subject t o  an extreme temperature a t  
150'F and also t o  a representative acid gas t o  accelerate any degradation. 
Daily m n i a  level measurements were taken from the recirculating 
atmosphere loop and from the condensate portion of the test rig. Wet 
chemistry (Nessler's Method) w a s  used for m n i a  analysis. Carbon dioxide 
removal performance and water removal performance were monitored throughout 
the t e s t  i n  order to detect possible degradation. 
a t  a standardized condition t o  allow comparison. 
tes t s  also were run in order to map water removal efficiency for  the improved 
heat exchanger design. 
use in  th i s  tes t .  
minimize the amount of material not i n  contact with a heat transfer surface. 
The configuration and nominal conditions used for  testing were a three inch 
thick bed operating with 30 minute adsorb and 30 minute desorb times. 
?he t e s t  canister w a s  packed w i t h  6.65 pounds of dry HS-C 
Parametric tes t s  were run first,  
The unit  then w a s  run through eight fmr- 
A t  the start of each mission the canister was heated 
After completion of the 
Measurements were made 
Parametric performance 
The t e s t  canister used for  series I1 and I11 testing w a s  modified f o r  
Improvements were made to  prevent channeling and t o  
Conclusions 
The modifications made t o  the test  canister improved performance, most 
probably by improving heat transfer. 
in  desorption time required for optimum performance. 
tion time w a s  a decrease f r o m  45 minutes to  30 minutes. 
The improvement appeared as a decrease 
?he reduction in  desorp- 
Armnonia production rates w e r e  approximately the same as those measured 
in the off-gassing tes ts .  Very l i t t l e  ammonia was  found in the circulating 
gas stream. 
air stream by a humidifier and by a condensing heat exchanger, both part  of 
the t e s t  apparatus. 
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Material Description 
HS-C is a proprietary sorbent made from commercially available raw 
materials. 
substrate which is  coated with a thick, polymeric, liquid sorbent made from 
low molecular weight amines. 
I t  consists of small (1/2 m) spheres of  polymeric macroreticular 
The substrate i s  Rohm C, Haas XAD-7 sorbent. I t  is processed a t  Hamilton 
Standard by sieving, by washing w i t h  deionized d is t i l l ed  water and analytical 
grade methyl alcohol, and then coated with the liquid sorbent, Dow PEI-18, and 
dried. 
copper adversely affect adsorptive performance. 
Ultra-pure water is needed fo r  the washing procedure since traces of 
XAD-7 is a polymeric acrylic es ter  (a relative of Plexiglas and other 
acrylic plastics) in the form of small spheres (typically 1 / 2  mm and smaller) 
which have many microscopic fissures making them very porous. They are white 
i n  color ,  and crush w i t h  moderate difficulty using the f l a t  side of a knife. 
They swell t o  twice dry volume when wet with water o r  alcohol. 
The coating i s  Dow PEI-18, a polyethyleimine (PEI) of the chemical form: 
-QI2-CH2-NH2 (25%) 
[ -QI2-CH2-N (25%) 1 -QI~-QI2-NH- (50%) 
I t  is  thick and viscous (like cold molasses) with an average molecular 
weight of 1800 (hence PEI-18). 
Selected HS-C Formula - Series I V  
The HS-C formula selected for the Series I V  t es t s  is presented below. 
Substrate k s h  Size 30-40 mesh 
Coating Agent PEI-18 
Coating Weight 21% 
Density (coated) 0.350 + lo% gm/cc. 
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Evaluation 
Prepared HS-C w a s  evaluated in a small scale apparatus u s d g  a se t  cycle. 
These nominal conditions were: 
Sample Size 5 m l  
pm 3 m g  
Air Flow 500 ml/min 
Air Dew Point 52'F 
Bed Temperature 75'F 
Desorb Pressure 
Cycle Times 
50 microns o r  better a t  end of desorption 
45 minutes adsorption, 45 minutes desorption. 
Capacity w a s  checked against a reference sample of Series I11 material 
t o  minimize any effects of r ig  fluctuations. 
results. 
Table I1 summarizes these 
Note that CO2 capacity was on the average about 14% greater than the 
Series I11 reference. 
might be responsible for the increase i n  CQ capacity. 
Better s i f t ing techniques using a new vibrating s i f t e r  
Test Canister 
An exploded view of the t e s t  canister is shown in  Figure 11. The Hs-C 
bed itself is a modified fin-tube heat exchanger. 
3 inches (airflow path of 3 inches). 
The depth of the bed is 
The face area is  14  inches by 14.5 inches. 
A f i f t y  mesh screen is placed over the heat exchanger face t o  retain the 
HS-C granules. An aluminum honeycornb i s  used t o  provide rigidity to  the screen. 
By experimentation it w a s  determined that a support grating w a s  necessary 
The additicm of the grating w a s  an improvement over previous canister 
The header for the unit has a circulating a i r  duct of 2 inches diameter 
t o  prevent the honeycomb and screen f r o m  bulging away from the heat exchanger 
face. 
t e s t  configurations . 
and a vacuum port 5 inches in  diameter. 
Test Equipment 
Hamilton Standard t e s t  r ig  #88 was used for  this test program as 
i l lustrated by Figure 1 2 .  
HS-C materials under test with automatically controlled pressure, flow rate, 
C02 par t ia l  pressure, dew point, and temperature. The conditioned a i r  flows 
through the canister for the selected adsorption time while the canister is 
cooled by a constant temperature water heat transport supply. A t  the end of 
the adsorb cycle, desorption begins automatically with the isolation of the 
test canister from the conditioned a i r  and the application of a high vacuum 
t o  the HS-C in i ts  canister. 
provides heat for desorption. 
mission duration. 
I t  provides a stream of conditioned a i r  t o  the 
The water transport flow is maintained and 
The entire cycle is repeated f o r  the required 
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Parameter 
Cycle Time 
Air Flow Rate 
Inlet  Tenperature 
Inlet  Pressure 
Hygromter (dew point) 
Water Temperature 
Both CO2 and a i r  usage are determined by measuring the weight change of 
the bottles used t o  supply these gases. 
when used t o  integrate the usage fo r  a large number of cycles. 
measuring capacity of an individual cycle is by integrating in le t  and outlet 
dew point and a i r  flow. For a large number of cycles, water addition t o  the 
water tank can be measured. The tank has a capacity of 8000 cc which is  
approximately a three day supply under nominal test conditions. 
This method is  extremel,y accurate 
Water capacity can be determined by two methods. f i e  method for 
Units Accuracy 
minutes 1% of interval 
in H20 10% of flow 
reported in cfm 
O F  2 OF 
psia 0 . 2  psia 
O F  2 O F  
O F  2 O F  
The HS-C canister was s e t  up on Rig X88 a s  shown in Figure 13. Measure- 
ments were as shown in Table 111. 
TABLE I11 
LARGE SCALE TEST INSTRUMENTATION REQUIREMENTS 
volts I 2% of f u l l  scale I reported as m g  ( fu l l  scale = 5 m) I Inlet  and Outlet C% 
lbs I 0.02 lbs I Weight CO2 Added I 
I Weight Air Added I lb s I 0.02 lbs 
Desorption Vacuum microns 5% of non-linear 
scale of Hastings gauge, 
as calibrated for a i r  
Ammonia Concentration Ppm 0.1 ppm in water I 10 ppm in  a i r  
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Actual Test Cmditions 
The t e s t  plan for the large scale testing is Appendix F of this  report. 
Table I V  shows the actual conditions of test for the t e s t  duration of 1116 
cycles. 
the sixth, seventh, and eight mission simulations. 
mine water capacity over a range of flows and dew points. 
measurement in the a i r  loop. 
removed by the water. 
In, addition to  the planned tes ts ,  a parametric series w a s  run during 
This w a s  done t o  deter- 
A number of cycles also were run with a dry loop to allow ammonia 
With a wet humidifier, the ammonia w a s  
TEST RESULTS 
CO2 Removal Capacity 
The series I V  material shows an improved Co;! capacity over previous tests.  
This is attributed to two factors: 
and an improved canister conf iguration. 
improved control of material processing 
Figure  1 4  shows CQ2 capacity as a function of airflow. This plot was 
constructed from data obtained both during the i n i t i a l  parametric series 
(Table V) and a parametric series run during the mission simulations. 
a t  3 nmHg PCO fo r  the series IV  material is the same for a 30 minute desorb 
time as w a s  o tained frm'Series I1 tests w i t h  a 45 minute desorb time. 
t e s t  series uti l ized a 3 inch thick bed. 
Capacity 
Both 
Table VI shows a sumnary of CO2 removal performance during the eight 
mission simulations. 
0.121 lbs/cycle as compared to  0.126 lbs/cycle a t  the s t a r t  of testing. 
Intermediate points ranged from 0.117 lbs/cycle t o  0.129 lbs/cycle. This 
entire range is .f 5% which i s  the expected accuracy of the t e s t  apparatus. 
Any degradatim in CO2 capacity during th i s  period is judged to  be negligible. 
Table VI1 shows CO2 performance under conditions designed t o  promote 
degradation. The first extreme was t o  inject 500 cc of hydrogen sulfide into 
the recirculating air loop. 
possibly found in a cabin atmsphere at extreme levels. After eight hours of 
testing, no loss in performance was evident. The canister w a s  then subjected 
to  three 12-hour soaks a t  150°F. CO2 capacity remained constant a t  0.12 lbs/  
cycle following these exposures. 
co;! removal performance a t  the end of the series, was  
"his would simulate acid gases of the type 
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TEST 
NO. 
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REMARKS VAC DEW co2 f l  PT. O F  
CYCLE ' FLOW AIR BED P 
NO. cfm TEMP. O F  TEMP. O F  
mn H€! 
TABLE IV 
1 
2 
3 
4 
TEST CONDITIONS 
PARAMETRIC 
1-16 40 75 85 3 37 52 Rig shutdown due t o  low 
I pressure i n  loop. 
17-62 80 
I I I Malfunction in vacuum system. - 63-66 
67-79 40 120 12p 5 58 52 
80-81 Malfunction of vacuum timer 
I switch. 
82-89 I I I 65 
112  t 
90-98 40 75 85 5 52 
99-111 shutdown, CO not added t o  
I - --______ 
loop ,mlfunc%ion of C O ~  control 
113-118 52 V i I 28 
119-132 40 75 83 5 27 52 
2 
I I I 
251-339 41 75 
340- 344 
345 -351 
352 
353 I 
~~ 
52 Dew point restored. 
I Adsorb 30 min - desorb 15 min. 80 
Heat Soak - 4 Hours a t  120°F 
'I 
82 5 27 52 
I I 
I 84 t Adsorb 30 min - desorb 16 min. 
I Loop nm dry. 
t t \ 52 
Heat Soak - 4 Hours at 120'F 
85 I 5 27 52 
I I  I 1  I 57 I Raised dew point in loop. 
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E S T  
NO. 
VAC m *cOz PT. OF REMARKS CYCLE FLaw AIR BED NO. c h  TEMP. OF TEW. OF 
354 41 75 85 5 88 52 Adsorb 30 min - desorb 16 min. 
355 78 Adsorb 30 min - desorb 17 min. 
Hg 
I 
356-358 'I t y t 27 Adsorb 30 min - desorb 30 min. 
37 
3 359-378 41 75 86 5 26 52 
- 379-385 Dry loop. 
V I 'I? I 52 386-408 
4 409-426 41 75 
1 
427-453 t t 
80 5 26 - Run dry. 
I I 
I 1 V 52 
5 454-472 41 75 80 5 27 52 
I 
6 564-602 40 75 80 5 26 . 52 
603-624 20 
625 15 60 
r 
Lawest possible flow with 
large venturi. 
U ilton DlVlSlON OF UNITED AIRCRAFT CORPORAT1ON 
Standard SVHSER 6185 
TABLE IV (Concluded) 
TEST CONDITIONS 
VAC DEW 
CC PT. O F  REMARKS CYCLE FLOW AIR BED pco2 cfm TEMP. OF 'I". O F  F( ~~ NO. mn Hg 
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TEST Nl.JM131X(1) 1 2 3 
C@ PARTIAL PRESSURE mtIg 3 5 5 
BED 'IHICKNESS 3 3 3 
AIRFLOW C-fm 40 40 55 
AIR INLET TEMP O F  75 120 75 
SVHSER 6185 
4 
3 
5 
40 
75 
I 
AIR INLET DEW POINT O F  
COOLANT INLET TEMP "F 
ADSORB TIME min 
DESORB TIME min 
CYCLE NO. 'S  
mAL CYCLES 
TOTAZ, cx)2 REMOVED lbs 
0 2  CAPACITY %/cycle 
TABLE V 
52 52 52 52 
8 1  120 8 1  8 1  
30 30 30 45 
30 30 30 45 
17-43 83-88 90-117 120-132 
27 6 28 1 3  
2.93 .63 3.64 1.8 
1.63 1.58 1.86 2.08 
C% REMOVAL CAPACITY 
INITIAL PARAMETRIC SERIES 
Notes : 
(1) Series 1 parametric test from Master T e s t  P lan  (see Appendix F). 
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Cycle 
I 
No Cycles Remove 
TABLE VI 
1 
0.126 
0.093(1) 
0.126 
0.129 
- No Data 
0.128 
0.115 (l) 
0.121 
0.128 
0.120 
0.122 
0.120 
0.116 
0.115 
0.089 
7 
0.119 
0.117 i 0.121 
A 
MISSION 
SIMJLATI( 
1 
, 
2 
3 
4 
5 
6 
7 
8 
Notes : 
O > r  
120'F - 4 HRS 
252 - 339 
340 - 358 
120'F - 4 HRS 
359 - 408 
C% CAPACITY 
MISSION SIWLATION 
88 11.315 41 
Experimented w i t h  Vacuum Level 
50 6.42 41 
120'F - 4 HRS 
409 - 426 
427 - 453 
I I I 120°F - 4 HRS 
18 2.065 41 
27 I 3.28 I 41 
133 - 150 Poor Vacuum - No Dat 
151 - 179 I 29 I 3.65 I 41 
120'F - 4 HRS 
I 
454 - 471 
472 - 561 
120'F - 4 HRS 
41 I i:!! I 41 180 - 229 230 - 251 
18 2.3 
89 10.68 
4.87 I 1; I 2.76 563 - 602 603 - 625 
41 
20 
40 
20 
742 - 780 39 
781 - 806 26 
874 - 894 21 
4.51 20 
2.98 20 
1.87 10 
p run dry t o  obtain NH3 reading 
41 
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Number of 
q c l e  No. Cycles 
SVHSER 6185 
lbsO Air ROW co;! 
Removed C f m  lbs/Cycle 
I 
- - - - - - - - - - - - -  500 CC H2S Introduced into Loop--------------- 
1035 - 1042 8 0.99 60 0.124 
- - - - - - - - - - -  Canister Heated to  150°F for  1 2  Hours------------ 
1048 - 1054 7 0.84 40 0.12 
1 1 
- - - - - - - - - - -  Canister Heated t o  150°F for 1 2  Hours------------ 
1059 - 1076 17 2.04 40 0.12 
~ -~~ 
TABLE VI1 
1091 - 1092 2 0.24 40 0.12 I 
Exl'TEME CONDITION EXPOSURE 
032 PERFORMANCE 
Moisture Rem1 Capacity, Parametric Data 
A map showing cyclic water capacity as a function of a i r  flow and dew 
This data w a s  obtained from parainetric tes t s  point is shown in figure 15. 
run during the mission sirnilatians. 
optimum air flow is about 2 cfjn/lb of HS-C. Above this a i r  flow only a small 
gain can be made in capacity a t  the expense of fan power. 
method of presenting this  performance is shown in figure 16. 
moisture capacity to be roughly proportional t o  water vapor par t ia l  pressure. 
Both of  these plots appear consistent w i t h  expected performance. 
From th i s  graph it can be seen that an 
An alternate 
?his shows 
The method of measuring cyclic water removal capacity w a s  t o  integrate 
the differential between in le t  and outlet dew point measurements. 
is  shown in  figures 17  through 19. 
determined that equilibrium had been reached,(i.e., a m i n h  of two cycles 
showed the same results) before a data point was used. 
?his data 
After any change in conditims,' it was 
42 
.05r 
U 
I 
9 .04-  
v) 
$t .03-  
U 
. 0 2 *  
E 
. Olr 
- 0  
. .  
P = 5 m  
TBED = 80°F 
c02 
1 
I 
j 
TAIR = 75'F 
30/30 CYCLE 
j 
I 
I 
i -  
t 
. d  
e .. 
' I '  
1 
: t  
I ''I 
1 
I 
I I 
1 ,  ' I  
DEW POINT TEMPERATURE - 
SVHSER 6185 
I . .  . .  
7 I 
. .  
1 
~ . 
1 
HS-C SERIES I V  
WATER REMOVAL CAPACITY VERSUS AIWLclw RATE 
FIGURE 15 
43  
I 
.04* 
U 
cn 
5 
I 
c 
U 
H 
J 
. O l r  
. .  
0 
. .. . . . . 
.- . 
TAIR = 75'F 
30/30 CYCLE 
1 I 
, 
i 
1 
- t  . .  
i 
i 
I 
I -  - 4 -  1 
t 
SVHSER 6185 
* i  
I i DEW POINT TEMPERATURE 
I 
' 1 4S°F 5 2 O F  
I I I 
I . 3  ' .4 
- Hgl . 'HzO 
I 
I 
HS-C SERIES IV 
I 
WATER REMOVAL CAPACITY VERSUS WATER VAPOR 
PARTIAL PRESSURE 
60°F , 
. .  
FIGURE 16 
44 
. t  
. I  
.6 
-.21 
0 
. I  
SVHSER 6185 
1 - ~- 
I 
I i 
I 
I 
I 
- -t - -  - _ _  
I 
! I 
20 cfm 
6.65 lbs HS-C 
TBED = 80°F 
I 
= 75OF I 
30/30 CYCLE + -  - - _ _  
TAIR I N  I 
I 
FS-C SERIES I V  
. . - . .. .. 
i 
30 
I 
mISTURE ADSORPTION RATE VERSUS ADSORB TIME 
FIGURE 17 
45 
- . 7 t  
SVHSER 6185 
I 
I I I TDP 
I 
I I 6.65 Ibs HS-C 
1 I = 52’F 
I 
I 1 - - I  - TBED = 80 OF 
I 
, - + 30/30 CYCLE 
. --  i - -  - 1  1 -  
t ! T M R  IN = 75’F 
I 1 
i 1 
HS-C SERIES IV 
MOISTURE ADSORPTION RATE VERSUS ADSORB TIME 
FIGURE 18 
46 
Hamilton , 3F U cmp 
Standard Q@ 
I 
.8t 
. 5 t  
E! v) - . 3 t  
E 
- .2p 
f I  
-- - -.1t 
I 
. .  1 . '  
1 .  
~ . ... 
i 
I 
! . -  
i 
1 
SVHSER 6185 
I 
I t '  I 1- I  
t -  _ t  f- - - -. _ _  - 1 " 
INLET DEW POINT = 60°F 
6.65 lbs HS-C 
*AIR I N  f 
TBED = 80'F 1 -  
30/30 CYCLE . -  
I 
= 75'F 
I 
I 
I 
1 I , 
I 
I 1 t - 1 -_ 
I , 
I .  
i CYCLE TIME - MIN"ES I I I 
1 HS-C SERIES I V  MOISTURE REMlVAL CAPACITY! - 1 
MOISTURE ADSORPTION RATE VERSUS ADSORB TIME 
FIGURE 19 
47 
I 
SVHSER 6185 
Water Capacity Change 
Figure 20 shows the water usage ra te  as determined by a direct  method. 
?his consisted of draining the r i g  water reservoir and measuring the amount 
of water left .  
100 cc for an ammania sample. 
usage rate for that period was  determined. ?he reservoir w a s  then re f i l l ed  
and an arranania sample taken. 
The reservoir had previously been f i l l ed  with 8000 cc less  
By subtracting the amount l e f t  from 7900, the 
Test data points are shown in  Table VIII. 
The data points w e r e  adjusted by adding the average usage rate during 
the periods when the r ig  was run dry. 
The graph shows that the rate of moisture removal remains constant for 
The average remval rate, as determined by the slope of the curve, is 
This is in good agreenent 
the test period and is unaffected by the 120'F heating periods. 
0.032 pounds of water per cycle per pound HS-C. 
with the integration technique described above, which showed a cyclic 
capacity of 3.35% or 3.35 pounds per cycle/pound HS-C, a t  nominal conditions. 
Water capacity change also was evaluated by using outlet hygrometer 
The hygrometer readings for selected cycles throughout the test series. 
readings for  these cycles areshown in  Table I X .  'ihe first hygrcnneter reading 
is  a t  five minutes because dew points prior t o  that  time were off the scale 
of  the hygrmeter used. A hygrometer with an increased range w a s  t r ied  but 
found to have too slow a response time t o  obtain the required data. Using the 
integration method described ear l ie r ,  the water capacities for these cycles 
were calculated and shown in Table I X .  
i n  water capacity is  less than l o % ,  with no indication of degradation over the 
1116 cycles. 
As can be seen, the to t a l  variation 
Annmrnia Measurement 
The condensor and evaporator in  the a i r  loop were extremely effective 
in  removing a l l  ammonia f r o m  the air stream. ?he method of determining 
ammonia generation, therefore, was to  measure the concentration of ammonia 
in  the water reservoir which serviced both the condensor and evaporator. 
The accumulated ammonia generation rate is  shown in figure 21. The test 
data from which th i s  plot w a s  constructed i s  shown in Table X .  
average rate of ammonia generation is 36 x 10-6 grams per hour per pound 
of HS-C. ?his is close t o  the mean rate shown in figure 9 as determined 
by the off-gassing tests. 
The 
There was no correction applied for  the t i m e  the material was exposed 
to  120°F and would, therefore, have a higher ammonia generation rate. 
assumed that the amnonia generated during the heat periods would be desorbed 
t o  vacuum prior t o  exposure t o  the air loop. This assumption w a s  based on 
tests which show HS-C t o  have very l i t t l e  adsorption capacity for  m n i a .  
I t  was  
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TABLE VI11 
WATER ADSORPTION - CUMULATIVE 
START H20 I N  
TANK OF CYCLE cc 
17 7950 
39 
44 8000 
64 8000 
SVHSER 6185 
CUMUL,ATIVE 
H20 USED H20 
cc 
USED 
cc 
2500 2500 
2650 5150 
850 6000 
1250 7250 
LOST 2 CYCLES 
86 (1000) 
100 7950 3900 
113 7930 2680 
151 7800 2900 
173 7900 2050 
179 7350 (900) 
229 6200 (1600) 
8000 252 - 
270 7900 1100 
275 7030 
293 7900 2200 
7416 29 7 - 
7093 300 - 
316 7900 1995 
- 
8250 
12150 
14830 
17730 
19780 
20680 
22280 
- 
26080 
- 
28280 
- 
- 
30275 
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I 
CUMLJMTIVE 
H20 USED 
H20 
USED 
cc cc 
I 
339 
TABLE VI11 (Continued) 
WATER ADSORPTION - -TIE 
7900 
470 
471 
492 
561 
581 
603 
629 
H20 I N  
TANK 
cc 
7900 1690 45437 
7900 100 45537 
7900 2150 47687 
8000 6170 53857 
7900 2 700 5655? 
7900 5500 62057 
7900 5700 67757 
2090 I 32365 
~~~ ~~ 
800 33165 
500 33665 
832 34497 
2400 36897 
5 1  
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START H20 I N  
OF TANK 
CYCLE cc 
742 7900 
758 7900 
781 7900 
804 7900 
873 7900 
89 3 7900 
912 7900 
935 7900 
958 7900 
1031 7900 
I 
CUMJLATIVE 
H20 USED HZO lJSED 
cc cc 
- - 
1800 80057 
2150 82207 
2650 84857 
5050 , 89907 
1650 91557 
1660 93217 
2850 96067 
2000 98067 
6500 104,567 
TABLE VI11 [Concluded) 
NUTE: Numbers in parentheses have been c o r r e c t e d  t o  
adjust for r i g  malfunctions. 
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M M  
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M M  
. .  
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CUMLJLATIVE 
NH3 
grams x 10-2 
mAL 
HOURS 
ADSORB 
TIME 
0 0 
1.198 
3.27 
4.79 
.38 
.84 
7950 0.95 
6050 1.98 
4 800 2.30 
8800 0.334 
7600 0.64 
0.42 
1.45 
1.77 
- 
2.08 
2.67 
22.5 
45 
49.5 
- 
66 
75.5 
16 
18 
361 
402 
3.81 
4.10 
8150 3.10 
8800 3.60 
4.85 
4.90 
8800 4.26 
8800 4.31 
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TABLE X 
AMMINIA GENERATION MEASUREMENTS 
WATER I CYCLE 
SAMPLE NO. CON:. I QUT1" I NH3 
PPm IN IN SYSTEM - 
IN H20 cubic grams x 10-L 
centimeters 
1 1 43 *
Bas e 1 ine 
6 I 132 
~~ ~ 
1.63 I 8700 I 1.42 2.86 I 87 I 
-+--Pi 125.5 2.40 7050 1.69 1.86 8800 1.63 10 251 
11 I 269 134.5 
4.92 157.5 
12 I 292 
13 I 315 3.84 8800 3.48 
14 I 338 3.78 I 8800 I 3.42 4.86 1 169 I 
15 I 358 3.43 I 8800 I 3.02 4.46 I 179 I 
4.54 I 180.5 I 
5.04 I 201 I 
19 I 408 5.70 I 204 I 
20 I 430 
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AM'4ONIA GENERATION 
CYCLE NH3 WATER 
CONC. QUANTITY IN SYSTEM 
Cubic PPm I N  H20 cent iTne t e n  
NO. 
450 5.71 8800 
453 6.51 8800 
469 6.46 8800 
471 1.35 8800 
491 2.00 8800 
561 2 .21  8800 
580 2.82 8800 
603 .62 8800 
630 1.67 3000 
742 .62 8800 
758 2.15 6900 
7 59 1.92 8800 
781 2.79 6550 
805 4.02 6150 
893 4.03 7150 
912 4.22 7140 
935 5.88 5950 
SVHSER 6185 
MEAS- 
TOTAL CUMUL,ATIVE TOTAL 
HOURS 
ADSORB 
grams x 10-2  grams x 10-2 TIME 
5.02 6.46 225 
5.72 7.16 226.5 
5.69 7.13 234.5 
1.19 235.5 
1.76 7.70 245.5 
1.94 7.88 280.5 
2.48 8.48 290 
0.545 - 301.5 
0.502 315 
0.545 371 
1.48 9.35 379 
1.69 10.56 379 0 5 
1.83 10.70 390.5 
2.47 10.37 402.5 
2.88 10.78 446.5 
3.01 10.91 456 
3.50 11.40 467.5 
m3 NH3 
I N  SYSTEM 
- 
- 
- 
WATER 
SAMPLE 
NO. 
2 1  
22 
23 
24 
I 33 
b- 
L- 
NOTE: 
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Atmsphere Ammonia Jkzisurements 
the accuracy of the detection method was approximately 10 ppm, these measure- 
ments were not assumed t o  have significance. 
The amnonia measurements in  the gas stream ranged from 0-10 ppm. S-ince 
Ammonia Adsorption Capacity of HS-C 
I t  was theorized that HS-C may be a potential regenerable ammonia sorbent. 
To t e s t  t h i s  theory the loop was run dry and 100 cc of m n i a  gas was injected 
into the loop. 
cycles. 
The m n i a  level then was measured i n  the loop a i r  for s ix  
The results of th i s  test are shown in  Tabie XI .  
The free volume of the HS-C canister was determined t o  be 0.21 that  of 
This rate was used t o  calculated annncmia decrease as a the to t a l  air loop. 
function of ullage only, the rate of decrease being 1/1.2 per cycle. 
TABLE X I  
W N I A  ADSORPTION EVALUATION 
calculated decrease 
assuming 138 ppm 
I 
From TableXIit can be seen that the i n i t i a l  arranania level reduction in 
the t e s t  loop is  greater than could be accounted for by ullage. 
of 138 ppm is reached, ullage can account for a l l  of the reduction indicating 
that adsorption has no significant role a t  this  level. From th is  data, it is 
concluded that HS-C has l i t t l e  o r  no capacity to  remove m o n i a  a t  the level 
of interest ,  which i s  10 ppm. 
After a level 
Canister Pressure D r o ~  
Figure 22 shows the canister pressure drop for  30-40 mesh material. The 
pressure drop includes the two 50 msh screens and the canister headers. Test 
data is available f r o m  two bed thicknesses and can be used to  predict pressure 
drop for alternate designs. 
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FL1C)IT CCNCEPT DEFXNITIW 
A f l igh t  system was sized to meet the present Shuttle requirements of 
ten men and a normal cabin CO2 part ia l  pressure of 5 m g .  The system was 
concepted t o  meet the f a i l  operational, fail  safe Shuttle design cr i ter ia .  
The system 
contains three HS-C canisters, two operating and one redundant. A LioH 
canister is  provided t o  met the requirement to  f a i l  safe after a second 
failure. 
for desorption is not available. 
The proposed system is shown schematically in  figure 23. 
The LiOH also would be used for atmospheric f l ight ,  where vacuum 
Each canister is a crossflow heat exchanger, one side of which is  packed 
with HS-C and the other side designed t o  provide sufficient heat transfer for 
the desorption cycle. 
System a i r f low f i r s t  passes in  series through the heat transfer passages 
of the three canisters. 
canister. 
moisture and Co;! are removed. 
In the process the airflow is cooled by the desorbing 
The flow then is  ducted to  the active adsorbing bed, where i ts  
TEN-MAN HS-C CANISTER 
The ten-man HS-C canister, figure 24, w a s  conceptually designed with a 
four segment desiccant bed configuration t o  produce a unit  that is nearly 
measures 17.80 inches wide by 16.50 inches deep, is composed of alternate 
layers of herringbone f in  cooling passages. 
number and 1/4  inch in thiclcness, allow cooling air to  flow from front t o  
back; the HS-C containing passages, 25 in  number and 3/8 inch in thickness, 
allow process a i r  to  flow from bottom t o  top. Fine mesh screens, supported 
by backup s t r ips  and securely welded or riveted to  the cooling passage closure 
bars, provide for top and bottom containment of the HS-C material w i t h i n  the 
HS-C passages. The HS-C is loaded into - or removed from - the bed through 
f i l l i ng  tubes located in  the HS-C passage closure bars. 
allow cross-flaw of the HS-C particles during the loading process. 
canister assembly consists of the four HS-C beds stacked in layer form with 
a one inch separation between the beds. 
As i l lust rated in  figure 25 p+ocess flow is directed into the top,bottm, 
and center headers which are ported together through a four inch vertical line 
located on the side. Process flow then is removed from the alternate headers, 
which are also ported together through a four inch vertical l ine located on the 
other side. 
outlet  process flow lines are vented t o  vacuum, thereby allowing desorption 
f r o m  both sides of each HS-C bed. 
I cubic in  shape. Each HS-C bed segment, which is four inches thick and 
The cooling passages, 26 i n  
The €in perforations 
The 
During vacuum desorption of the HS-C beds both the in le t  and 
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HEAT EXCHANGER FOR BREADBOARD REGENERABLE CO2 
AND HUMIDITY C0NTRL)L SYSTEM 
FIGURE 24 
6 1  
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CANISTER FLUV A R R A N W  
FIGURE 2 5  
The cooling flow enters a four inch vertical line located i n  fwnt, passes 
in to  each of the four frcmt cooling flow headers, flows*through the cooling 
passages of each of the four HS-C beds, flows into the four rear cooling flow 
headers, and passes out through a rear mounted four inch vertical  l ine.  
entire unit  is mounted in the vehicle o r  i n  the test section by means of 
attachment flanges located on each of the four vertical  four inch lines. 
requirenmts presently being considered for Shuttle. 
The 
The performance requirements used t o  size the f l ight  concept unit  are the 
These requirements are 
number of men................... .... 10 
C02 production rate.. .............. . 2 1 . 1  lbs/day 
moisture production rate.. ......... .43.2 lbs/day 
design CO2 part ia l  pressure ......... 5 m H g  
design dew point ................... 61°F 
The approximate method for sizing the HS-C canisters is given below. 
size is based on 30 minute adsorb and 30 minute desorb times. 
w i l l  require the optimization of a l l  parameters affecting performance. 
This 
An actual design 
6 2  
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Canister Si  zing 
CO2 Removal 
The required C02 removal rate is  2 1 . 1  pounds/day , which equals 
”*’ = 0.88 lbs/hour, zb 
For the selected 30 minute adsorb/30 minute desorb cycle there are two 
adsorb periods per hour. Thus the required capacity per cycle is 
0.88 lbs/hr 
2 cycles/hr = 0.44 lbs/cycle. 
From figure 14, c02 removal capacity at an assumed f l o w  of 2 cfm/lb, which is 
the knee of the capacity curve, is 1.5% (0.015 lbs/cycle - Ib HS-C) . 
the amount of HS-C required per canister is  
Therefore, 
0.44 lbs/cycle 
0.015 lbs/cycle - l b  HS-C = 29.3 lbs HS-C. 
Water Removal 
The required water removal capacity is  43.2 lbs/day. Therefore, the 
required water removal capacity per cycle is 
43.2 24 2 = 0.90 lbs/cycle. 
For a 29 .3  pound canister this  gives awater capacity of 
-= 0.0307, or 3.07%. 
From figure 15, the airflow required t o  obtain a 3.07% water capacity is 1.5 
cfm/lb. 
apparent that  C02 capacity is the sizing factor. 
Since this is less than the 2 cfm/lb required for C02 removal, it is 
Airflow 
?he above discussion on C02 Removal derives that 29.3 pounds of HS-C are 
required for  each canister and that this relates t o  a flow of 2 cfm per 
pound of HS-C. Therefore, the required airflow is 
29.3  lbs HS-C x 2 .0  cfm -= 58.6 cfm , 
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System Pressure Drap and Power 
From figure 22 ,  the canister pressure drop for a three inch thick bed is 
AP = 1.4 inches of H20 . 
For a four inch thick bed, A P  = 1.4 x 4;- 1.87 inches of H20 . 
The airflow goes through three canisters in series each with a pressure 
The total  AP pressure drop then is 
drop of 0.50 inches of HZO. 
adsorbing canister ................ 1.87 
heat exchange passages ............ 1.50 
valves and ducts .................. 1.00 
Total ............................. 4.37 inches of H20 
-
The power required i s  
Power = 
'Ihe 3.5  conversion factor i n  
fan efficiency of 41%. 
cfm x AP = 58.5 x 4.37 = 73 watts 
5.b 3.b 
the above equation includes an assumed overall 
-ia Generation 
From the large scale testing it was  determined 
grams of m m i a  per hour of adsorb time, per pound 
design the l b  - hours/day are 
29.3 lbs HS-C x 24 hours = 704 
aT- 
The resulting amonia generation is calculated as 
that HS-C 
of Hs-c. 
produces 36 x 
For the proposed 
lbs HS-C - hours . 
b Y  
- 0.0254 grams NH + - 704 lbs HS-C - hours 36 x grams NH3 day Tbs Hs-C - hours 
This is a negligible amount compared t o  the predicted metabolic rate of 3 
grams/day for 10 men in the Shuttle. 
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Using the above generation rate and assuming a zero leakage cabin 
having a volyne at 2000 cubic feet ,  the m o n i a  concentration would 
increase as follows: 
- zDoo= 0*0254 35*4 0.45 x gms/mteG/day 
The allowable concentration is 3.5 x gms/meter3/day. I t  would be reached 
only a f t e r  7.8 days and then only if there were no leakage in the cabin and i f  
there were no m m i a  removal equipment aboard. 
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NITROGEN, AMMONIUM 
Nessler’s Method 
Standard Methods, 12th Ed., page 193 
Two methods are given by the APHA Standard Methods for carrying out this test: one is a 
distillation method for the separation of the ammonia from the water, and the other is the 
direct Nesslerization method. The distillation method permits the concentration D f  trace 
amounts of ammonia. Only the direct Nesslerization procedure is given below, though the 
same calibration table can be used with both procedures provided any change in volume of 
the sample due to  distillation is taken into account. 
- 
Procedure 
1. Measure a 25 ml water sample by filling a clean 25 ml graduated cylinder t o  the 25 ml 
mark. Pour the sample into a clean 50 ml flask. See Notes A arid B. 
2. Measure a 25 ml sample of demineralized water by filling another clean 25 ml graduated 
cylinder to  the 25 ml mark. Pour it into a clean 50 ml flask. 
3. Add t o  each sample 1 .O ml of Nessler’s Reagent. Swirl to mix. If ammonium nitrogen is 
present, a yellow color will develop. Allow ten minutes for full color development. 
4. Use the prepared sample of demineralized water for standardizing the instrument. 
Measure the color of the prepared water sample and find the ypm ammonium nitrogen 
(N) from the table. 
Notes 
A. The temperature of the sample should be 20°C. If the sample temperature is above 
2OoC, the results of the test will be high; if below, the results will be low. 
If the hardness of the water sample is above 100 ppm (about 6 grains) a positive inter- 
ference may result due to  the precipitation of magncsium hydroxide. To eliminate this 
interference, add one drop Rochelle Salt Solution to  the demineralized water sample 
and to the water sample before adding the Nessler’s Reagent in Step 3. 
B. 
C. In addition to calcium and magnesium, iron and sulfide niay interfere by causing the 
formation of turbidity with the Nessler’s Reagent. Pretreatment with zinc sulfate and 
alkali may be used to eliminate interference from these sources. See Starrtlirrtl Nerliods 
for details. 
D. There are a number of rarely encountered compounds (mostly organics) which may 
interfere. Some of these are hydrazine, glycine. various alipliatic and aroma tic amines, 
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organic chloramines, acetone, aldehydes and alcohols. Some symptoms may be a yel- 
lowish or greenish off-color or a turbidity. If these compounds are present, it may be 
necessary to distill the sample before the test is performed. See Standard Methods for 
de tails. 
E. For dilution of samples, see Sample Dilution Techniques. 
F. The results of this test are given in terms of ppm ammonium nitrogen (N). To express 
as ppm ammonia (NH?), multiply the N value by 1.21. To express as ppm ammonium - 
(NH4+), multiply the N value by 1.29. 
- 
c Y 
B & L SPECTRONIC 20 CALIBRATIONS 
Nessler’s Method 
425 nm - ?h inch test tube 
0 1 2 3 4 5 6 7 8 9 
30 2.52 2.46 2.43 2.35 
40 2.29 2.23 2.18 2.13 2.07 2.02 1.97 1.93 1.89 1.84 
50 1.80 1.75 1.70 1.66 1.62 1.58 1.54 1.50 1.46 1.43 
60 1.39 1.35 1.31 1.28 1.25 1.21 1.17 1.15 1.11 1.07 
70 1.04 1.01 0.98 0.95 0.92 0.89 0.86 0.83 0.80 0.77 
80 0.75 0.72 0.69 0.66 0.64 0.61 0.58 0.56 0.53 0.50 
90 0.48 0.45 0.43 0.40 0.37 0.35 0.30 0.25 0.21 0.15 
Replacement Chemicals 
Cat. No. 
1 5 1-1 1 Nessler’s Reagent 
1725-33 Rochelle Salt Solution 
1725- 14 Rochelle Salt Solution 
*Dropping Bottle 
pint 
1 oz DB* 
4 0 2  
$4.00 
1.40 
2.10 
Prices subject to change without notice 
FOB Ames. Iowa 
To order, or for more information, 
use card in back. HACH CHEMICAL COMPANY Box 907, Ames, Iowa 50010 U.S.A. 
A- 2 
I 
SVHSER 6185 
APPENDIX B 
DISTILLATION METHOD 
B-i 
B. Distillation Method 
1. General Diacrssion 
1.1. Principle: Free ammonia nitro- 
gen can be quantitatively recovered by 
distillation when tile distillation mis- 
tiire is maintained at about pH 7.1. 
The distillate ma}. be collect'ed in a 
volumetric flask for nesslerization or 
the sample may be distilled into boric 
acid or standard sulfuric acid and the 
ammonia determined by titration. 
1.2. Interferewe: Ammonia recov- 
ery  will be low on samples containing 
more than 250 mg/l calcium unless suf- 
ficient phosphate buffer is added. The 
calcium and phosphate of the buffer 
react to precipitate calcium phosphate, 
releasing hydrogen ions and lowering 
the pH. A number of aliphatic and 
aromatic amines, organic chloramines, 
acetone, aldehydes, and alcohols. among 
other undefined organic compounds, 
yield a yellowish or greenish off color 
or a turbidity following the addition of 
nessler reagent to distillates collected 
from dechlorinated samples. Sulfide 
has also been reported to cause turbid- 
ity following nesslerization. a condition 
which may be avoided by adding lead 
carbonate to the flask prior to distilla- 
tion. Volatile substances, such as for- 
maldehyde, can be remo~ed by boiling 
at low pH, after which the sample can 
he distilled and nesslerized in the nor- 
mal way. 
The titration procedure is also sub- 
ject to amine interference because the 
ytnndard acid can react with such alka- 
line substances. The titration process 
SVHSER 6185 
is free of interference from neutral or- 
ganic compounds. 
2. Apparatus 
2.1. Distillation upparatiis: A glass 
flash-, 8cIc) E:!, xith a condenser and 
adapter so arranged that the distillate 
can be collected either for nesslerization 
o r  in standard &SO4 or H3B03 solu- 
tion for titration. 
2.2. Coloriirtetric equipment: The 
same colorimetric equipment is re- 
quired as for Method A. 
3. Reagente 
3.1. Ammonia-free wzter: Prepare 
as  directed in Method A, Sec. 3.1. 
3.2. P h o s p h a t e  b u f f e r  solrction, 
0.5.11. Dissolve 14.3 g a n h y d r o u s  
potassium di  h y d ro  gen  phosphate ,  
KH2P0,, a n d  68.8 g a n h y d r o u s  
dipotassium hydrogen  phosphate ,  
K2HP04, in ammonia-free water and 
dilute to 1 liter. 
3.3. Standard srrlfttric acid titrant, 
0.02147. Prepare as directed in Part I. 
Alkalinity, Sec. 3.2; 1.00 ml = 0.28 mg 
N. Other strengths of standard acid 
may be used. 
3.4. Iitdicating boric acid solution: 
Prepare as directed under Nitrogen 
(Organic), Sec. 3.8. 
3.5. Standard aiitwoiiittm chloride 
so lu t ion:  P r e p a r e  a s  directed in  
JIethod A, Sec. 3.5. 
3.6. Xesslrr rragent: Prepare as di- 
rected in Method A, Sec. 3.6. 
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4. Procedure 
4.1. Pistillntion: Steam out the still 
until free from ammonia. Phce 100- 
400 ml of sample in an S00-ml kjeldahl 
flask. Neutralize to pH 7 if the sam- 
ple is acid or alkaline. Add 25 ml 
phosphate buffer solution, which should 
keep the pH of the distillation mixture 
at 7.4 during the distillation. For sam- 
ples containing more than 250 mg/l 
calcium, add up to 40 ml of buffer solu- 
tion first and then adjust the pH to 7.4 
with acid or base. Dilute to 400 ml 
with ammonia-free water and distill 
200 ml into a 200-ml graduated flask 
for nesslerization or into standard 
HsSOr or H3BOa solution for titration 
as described. in Nitrogen (Organic), 
Sec. 4. 
4.2. Nesslerization: Dilute an aliquot 
of the distillate with ammonia-free 
water, nesslerize, and compare colors 
as directed in Method A, Sec. 4.5. 
4.3. Titrution: If the concentr a t’ ion 
of ammonia nitrogen is greater than 5 
mg/l, collect the distillate in 50 nil in- 
dicating boric acid solution, and back- 
titrate with standard H&Or titrant as 
in Nitrogen (Organic), Sec. 4.3 and 
4.4. 
5. Calculation 
For nesslerization : 
R x 2Ooo 
Sd mg/l ammonia N = 
where R = ml standard solution. S = 
ml sample, and d = distillate nessler- 
ized. 
For titration : 
ma/l ammonia h’ - 
ml H,SO, titration X 0.28 x l,WcK) 
ml sample 
-- 
6. Precision and Accuracy 
The distillation and titration proce- 
dure is more accurate than the direct 
nesslerization method. The recoveries 
are 99 to 100 per cent and the preci- 
sion, over a range from 5 to 50 mg/l, 
may he expressed as a standard devia- 
tion of 0.18 nil HZSOa, or 0.5 mg,4 
when a 100-ml sample is used 
( n = 3 ;  5x5). 
The distillation and nesslerization 
method is more precise for concentra- 
tions of 1 to 5 mgA. Using a 100-nil 
sample and a 25-nil aliquot from the 
200-ml distillate, the standard devia- 
tion was 0.0019 mg ammonia nitrogen 
or 0.15 mgil ( n =  1;  11 X 10). 
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APPENDIX c 
PROCEWRE FOR CALIBRATION 
OF 'IHE COLEMAN SPECTROPHOTOMETER 295 
C- i 
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Procedure f o r  Calibration of the Coleman Spectrophotometer 295 
Five samples of known ppm (by weight) of NH4Cl i n  d i s t i l l ed  water 
were prepared for  the calibration curve namely 0.0, 0.5,  1 .0 ,  1.5, 2 .0 .  
?he procedure is  as follows: 
1. Measure out 25 nil of each h o r n  sample i n t o  a clean 50 nil f lask.  
2. Add t o  each sample 1.0 ml of Nessler's Reagent. 
Allow 10 minutes f o r  full color development. 
tion of Nessler's k t h o d  is provided in Appendix A of this report. 
length at 425 on the spectrophotometer. 
first and set meter t o  80 w i t h  gain control, then place each of 
the four known samples in  the spectrophotometer and record results. 
Swirl t o  mix. 
A detailed descrip- 
3. From each f la sk  pour sample into 1 2  mn t e s t  tubes. Set the wave 
Insert the 8.0 ppm tube 
4. From the data taken in step 3,a calibration curve can be made on 
Coleman #14-322 chart paper. 
c- 1 
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PROCEDURE FOR GAS SCRUBBING 
I N  COLLECTION BOTTLE 
D - i  
SVHSER 6185 
U Hamilton OIVIS*X* OC W l T E D  AIRCRAFT COIPORaTI* I  
Standard 
SVHSER 6185 
Procedure for Gas Scrubbing in  Collection Bottle 
The f r i t t ed  tube remains on the sample bomb outlet innnersed in 
d is t i l l ed  water a t  a l l  times t o  prevent flow variations, which cause the 
reading t o  fluctuate. The procedure i s  as follows: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
Measure out 100 ml 
sample bottle. 
of .02 noma1 H2S04 in  graduate and put in 
Remve f r i t t ed  tube from water and rinse with d is t i l l ed  water. 
Place tube into sample bottle and record the time. 
Place the tygon tube from the flowmeter on the sample bottle 
outlet and record flow. 
Remove af te r  15 minutes for high ppm ( >1000) sample bombs and 
60 minutes for low ppm ( <  1000). 
Place the f r i t t ed  tube back into d is t i l l ed  water. 
Measure out 25 ml. into 50 m l  flask from sample bottle.  
Measure out 25 ml. into 50 ml from .02 normal H2SO4. 
Add 1 m l  t o  each flask, allow 10 minutes for f u l l  color develop- 
ment. 
From each flask pour sample into 1 2  mn t e s t  tube and insert the 
0.02 normal H SO4 sample i n t o  the spectrophotometer and se t  dial  
spectrophotometer and record dial  reading. 
to  80 using t fi e gain control. l'hen insert  the unknown sample into 
Use the following calculations t o  obtain pgms/hr- (lb HS-C or  PEI) . 
Take d ia l  reading and obtain curve value in  ppm. 
to t a l  m l  P d m l  molecular wt ammonia (sqle (curve value) x molecular w t  nitrogen 
x dilution factor x 60min/hr x ! ? !  = pgm/hr-lb HS-C o r  PEI 
sample sample 
time (min) w t .  (gms) 
D- 1 
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11. 
1 2 .  
Plotpgm/hr-lb HS-C or  PEI versus elapsed time with gas flow. 
If reading f a l l s  below 35 on d ia l ,  dilute sample t o  bring reading 
up t o  40 - 60 range. 
. 
Error Analysis 
An error analysis of the t e s t  method was conducted as described i n  
this  section. 
sample time 60 min f .5 
15  min .25 
100 ml. t 1 ml. 
spectrophotometer reading + 1 division 
sample size 
reading error + (sample size error) + (sample time crr:r) = Total Error 
(,g$:;y ) 
If a reading of 60 i s  obtained on a sample that ran for 115 minutes the 
e r ro r  would be as follows: 
4.7% + 1% + 1 . 7 %  = Total Error 
7.4% = Total Error 
An increase in readings due to  flow increases has been noted, but a f te r  
extended time (>15 hrs) the reading drops to a value corresponding t o  measure- 
ments with lower flows. 
Figure D - 1  presents the percent error on the Coleman Spectrophotometer 
295 with a 1 division accuracy. 
D- 2 
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APPENDIX E 
REPORT OF HS-C FUNGUS FESISTANrn TEST 
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R e p o r t  o f  l e s t  on 
T E S T  S A M P L E S  
f o r  
H A M I L T O N  S T A N D A R D  
under 
P U R C H A S E  O R D E R  NO. 040859 
ENVIRONMENTAL 
TESTING 
ACTON 
CORPORATION 
September 1 2 ,  1 9 7 2  
Data 
M L T : A D / h m f  
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r 5 
Ad minis t r a t i v a  D a t a  
To d e t e r m i n e  if t h e  t e s t  s a m p l e s  w i l l  
s a t i s f a c t o r i l y  m e e t  t h e  r e q u i r e m e n t s  o f  
t h e  f u n g u s  t e s t  as  s p e c i f i e d  i n  MIL-STD-81OB.  1.0 Purwse of m 
2.0 - 
H A M  I L T O N  STARUARL,  
S e r i e s  3 H S C  
P E I  1 8  
3 .O lvbdcuurer 's  Type 0 r Model No; S e r i e s  3 S u b s t r a t e  
4.0 D r r :  11 I L - S T D  - 8  1 0 6 
. .  . . .  
5 a 0 Q w I ~ ~  I Tested. One ( 1 )  e a c h  o f  t h e  a b o v e  
4.0 C-Oaflt- 
7.0 D V  
. .  * 
ri o t j  E 
S e p t e m b e r  5 ,  1972  
8.0 Tes t Conduc ted BY; A . C . U e n t i n o  
9 .0  Di- . .  . The s a m p l e s  w e r e  r e t u r n e d  t o  
H a m i  1 t o n  S t a n d a r d  
lo-a AhshQGL R e f e r  t o  RESULT s e c t i o n  h e r e i n .  
1 Page 9 5 5 9  Report No. 
- ., 
ENVIRONMENTAL 
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~ 1 . O  R C I ) U I I < E I ? E I 4 T S  -___ --___ 
I The t e s t  s a m p l e s  s h a l l  b e  e x p o s e d  t o  t h e  f u n n u s  t o s t  
a s  s p e c i f i e d  i n  MIL -STL-8 lOB.  
F o l l o w i n q  t h e  t e s t ,  t h e  s a m p l e s  s h a l l  be  v i s u a l l v  
e x a m i n e d  t o  d e t e r m i n e  i f  t h e r e  i s  a n v  e v i d e n c e  o f  func luc 
g r o w t h .  
2 . 0  P R O C E D U R E S  -- 
The t e s t  s a m p l e s  were  s u s p e n d e d  i n  a Tenney C n q i n c e r -  
i n g  Fungus Chamber,  H o d e l  TH16. The s a m p l e s  w e r e  tlieii i n -  
r i o c u l a t e d  w i t h  e a c h  o f  t h e  r e q u i r e d  f u n g u s  s p o r e s .  T h e  
c h a m b e r  t e m p e r a t u r e  was 8 6 ° F .  These  c o n d i t i o n s  w e r c  m d i n -  
t a i n e d  f o r  a p e r i o d  o f  25  d a y s .  
A t  t h e  end  o f  1 4  davs ,  t h e  chamber  w a s  opened  a n d  t h e  
c o n t r o l  s a m p l e  i n s p e c t e d  f o r  an a b u n d a n t  f u n q u s  q r o w t h .  
A t  t h e  end  o f  t t i e  28-day  p e r i o d ,  t t i e  s a m p l e s  u e r c  
r e m o v e d  f r o m  t h e  chamber  and v i s u a l l v  e x a m i n e d  f o r  a n y  
e v i d e n c e  o f  f u n g u s .  
3 . 0  RESULTS 
A f t e r  1 4  d a y s ,  t h e  c o n t r o l  i t e k l i h o w c d  a n  a b u n d a n t  
f u n g u s  g r o w t h .  
A f t e r  28 d a y s  o f  t e s t ,  t h e  s a m p l e s  showed no e v i t l c n c e  
o f  f u n g u s  g r o w t h .  
The t e s t  s a m p l e s  were  r e t u r n e d  t o  K a m i l t o n  S t a n d a r d  
f o r  f u r t h e r  e v a l u a t i o n .  
Note: 
(1) The control item is a known fungus nutrient, not HS-C. 
9 5 5 3  Roport No. 
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SOLID AMINE IMPROVEMENT PROGRAM 
MASER TEST PLAN 
PREPARED UNDER CONTRACT NA!3 9-12957 
HAMILTON STANDARD 
DIVISION OF UNITED AIRCRAFl’ CORPORATION 
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for 
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D E  ITEM 3 
MASTER TEST PLAN 
It is the purpose of this document to supplement the Program 
Operating Plan in order to provide additional instruction to the 
test engineer. 
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TEST NO. HAM I L TON S T A N D A R D  PAGE 1 OF 
Task 1.1 - P L A N  O F  TESJ: 
JOB: NAS 9-12957 PLAN P M P A a E o  BY: J. Love11 
APPaOvpD BY: PROJECT h ORDER: 
TEST ~ G M M l E R :  INSTRUCTION: --_ 
TIME PERIOD: August 14, 1972 TO October 7, 1972 
1 .  
2. 
3. 
4. 
5. 
6. 
WHAT I S  I T E M  B E I N G  TCSTEO’ 
WHY IS TEST B E I N G  RUN7 WHAT WILL  RESULTS St1OW OR BE USkO foR’ 
DESCRI 6E TEST SET UP l N C L U D l N G  INSTRUMENTATION. ATTACH SKETCH OF INSTALLAT!ON. 
I T E M I Z E  RUNS TO BE MADE G I V I N G  LENGTH OF kACH AND READINGS TO BE TAKEN. 
S P E C I A L  INSTRUCTIONS: SAFETY PRECAUTIONS FOR OPERATOR5 AhuD HANOL I N G  E W I P M E N T .  
OBSERVATIONS BY SIGHT. FEEL.  OR HEARING. L I S T  P O I N T S  OF OBSERVATION WHICH MIGHT 
CONTRIBUTE TO ANALYSIS  OF ( A )  PERFORMANCE OF U N I T S ,  ( 0 )  I N C I F I E N T  TROUBLE 6EFORE 
I T  OCCURS. AND (C)  CAUSE OF FAILURE.  
HOW WILL DATA BE USED OR F I N A L L Y  PRESENTED) G I V E  SAMPLE PI-OT. ClJRVE. OR TABULATION 
AS I T  WILL BE F I N A L L Y  PRESENTED. 
NUMBER E N T R Y  A S  L , S T E D  A B O V E  AND D E S C R I B E  BELOW 
1. HS-C adsorbent material from NAS 9-11971 series I11 full scale test. 
2. To determine W 3  off-gassing characteristics. -- 
3. No special test setup is required. ----- Vacuum ovens will be used for 
sample preparation and a 10 a cell IR spectrophotometer will be used 
for analysis. The following existing equipment will be available for 
this program. 
- - - - ~ -  
- I----
c 
a. (3) Vacuum ovens. _- 
b. (3) Vacuum pumps. 
c. (1) Small scale sorbent performance test rig 
d. (1) IR gas analyses with (2) 10 CM cells. 
- - 
(1/4/73 - 2/15/73). - __- 
In addition, the following will be purchased under this contract. 
a. Twenty sample bottles with shut-off valves and quick 
disconnects. 
Calibration gasses and miscellaneous chemicals. b. 
- - 
SVHSER 6185 
4 .  Test runs as defined i n  paragraph 3.2.1.1 of the procam 
operating plan. Temperature, t h e  and vacuum levels  w i l l  
be recorded. 
Prior t o  each new t e s t  s e r i e s  the sample bot t les  w i l l  be 
cleaned and checked for  residual ammonia. The I R  w i l l  be 
calibrated pr ior  to  each use and a f t e r  every fourth sample. 
The following data  is  expected from t h i s  test program. 
5. 
6 .  
NH3 
PRODUCTION 
RATE 
F-4 
A’ITUK)SPI 
ERE 
TIME 
This data  w i l l  quantify the ammonia production r a t e  over a 
range of operating conditions. 
most probable cause of off-gassing as explained below. 
I t  w i l l  a lso indicate the 
TIME 
U 
08~1510N OF UNITED AIRCRAFT C O P P M A T W N  
Standard SVHSER 6185 
a. 
b. 
Ammonia production is a result of primary amine group, 
will increase with time. 
Ammonia is a result of a contaminant and will eventually 
disappear. 
B. 
ATM3SPHERE 
TIME 
Amine breakdown results from oxidation of primary amine 
group. 
C. 
A characteristic as shown above would indicate that thermal 
decomposition is the primary cause of ammonia production. 
F- 5 
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TEST NO. H A M I L T O N  S T A N D A R O  PAGE 1 OF - 
Task 1 . 2  P L A N  O F  TEST - 
J. Love11 
December 31, 197 
NAS 9-12957 PLAN PMPAREO BY: JOB: 
PROJECT ORDER: August 14, 1972 APPROV€D RY:  
INSTRUCTION: - l7CSt WGUrJLER: 
T I M E  PER 
1.  WHAT 
2. WHY 
- ----- TO OD: 
I S  ITEM B E I N G  TESTED7 
S TEST B E I N G  RUN? WHAT WILL RESULTS W O W  OH BE UStO COR' 
3. DESCRl6E TEST SET UP !NCLUDING INSTRUMENTATION. ATTACH SKETCH OF INSTALLATION.  
4. ITEMIZE RUNS TO eE MADE GIVING LENGTH OF EACH AND READINGS T@ BF- TAKEN. 
5. SPECIAL  INSTRUCTIONS: SAFETY PRECAUTIONS FOR OPERATOH!, ANO HANOL I N 6  EOUIPMENT. 
OBSERVATIONS BY S I W T .  FEEL.  OR HEARING. L I S T  P O i N T S  OF OBSERVATION WHICH M I G H T  
CONTRIBUTE TO ANALYSIS OF ( A )  PERFORMANCE OF U N I T S .  (D) I F l r . I P I E N T  TROUBLE GEFORE 
I T  OCCURS. AND I C )  CAUSE OF F A I L U R E .  
6. HOW WILL DATA BE USED OR F I N A L L Y  PRESENTED7 G I V E  SAMPLE P L O T .  CURVE. OR TABULATION 
AS I T  WILL BE F I N A L L Y  PRESENTED. 
NUMBER E N T R Y A S  L :  S T E D  A B O V f  AND DESCRIBE B E L O W  
~ -- 1 1. Improved HS-C: . 
- 2 .  Determine effect of methods of  reducing o r  eliminating ammonium 
from PEI. 
3. See Attachment 1. - 
- - 
4 .  Samples of improved PEI w i l l  be tested for up t o  200 hours t o  
determine degree of improvement. A gas chromatograph w i l l  be used 
t o  determine amnonia production rate. 
be 150"F, however, temperature may be varied t o  accelerate testing 
i f  necessary. 
- 
-- ~ _ _ _ - - - - ~ -  
The nominal temperature w i l l  
--L- - - 
-- - - 
~ _-  
5. None. 
I 6.  None. 
U 
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Standard 
* Task 1.2 
TEST APPARATUS 
AIR 
- 
S\IHSE.R 6185 
PEI 
SAMPLE 
W 
OVEN 
GAS 
CHRmTOGRAPH 
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TEST NO. H A M I L T O N  S T A N D A R D  PAGE I OF __ 
- P L A N  OF T E S I  
JOB: SOLID AMINE DEVELOPMENT PROGRAM PLAN PREPARED BY: F. Kester 
~ 
eff luent  from the canister is reconditioned and becomes incoming a i r  by 
the addition of water and CO2. 
f o r  each cycle. 
Air must be added t o  the loop once each cycle t o  compensate fo r  the 
ullage l o s t  during desorption; t h i s  a i r  i s  weighed and reported. 
During the adsorption cycle the control valves w i l l  be as shovn and a i r  
flow directed through the tes t  canis ter .  The CO p a r t i a l  Dressure a t  the 
canis te r  i n E t  w r E m a i n t a i n e d  constant %y-&ng, cu 2 ?der closed Toor 
The CO2 added is  weighed and reported -
- 
- --___-_- 
- I-- -- ---___- 
r n n + ~ n i  rh,. rn-  - . . i : . . ~ ~ - .  . : ~ i  1- _ _ _ .  3 1 
J. Love11 
PROJECT & ORDER: APpaovm ay: 
W. Conway 
lNSTRUCTION~ Large Scale HS-C Est WG#NEER: 
- March 1973 TIME PERIOD: D ~ c .  1972 TO - 
1 .  WHAT IS  ITEM B E I N G  TESTED7 
2. W Y  I S  TEST B E I N G  RUN? WHAT WILL RESULTS St1OW OR BE USOD F a 7  
3. DESCRl6E TEST SET UP !NCLUDING INSTRUMENTATION. ATTACH SKETCH OF I N S T A L L A T I O N  
4. I T E M I Z E  RUNS TO BE MAOE G I V I N G  LENGTH OF EACH AND READINGS TO BE TAKEN. 
5. S P E C I A L  INSTRUCTIONS: SAFETY PRECAUTIONS FOR OPERATOR!, AluO HANOL I N 6  EQUIPMENT. 
OBSERVATIONS BY S I M T .  FEEL,  OR HEARING. L I S T  POINTS OF OBSERVATION WHICtI M I G H T  
CONTRIBUTE TO ANALYSIS  OF ( A )  PERFORMANCE OF U N I T S .  ( 0 )  I N r . l P I E N T  TROUBLE 6EFORE 
I T  OCCURS. AND ( C )  CAUSE OF FAILURE.  
HOW WILL DATA BE USED OR F I N A L L Y  PRESENTED' G I V E  SAMPLE PLOT.  ClJRVE. OR TABULATION 
AS I T  WILL BE F I N A L L Y  PRESENTED. 
6 .  
NUMBER E N T R Y  A S  L i S T E D  A B O V E  A N D  D E S C R I B E  BELOW 
L- ~-
10 ounds HS-C prepared in-house. t"-p 
2 .  To demonstrate f eas ib i l i t y  of HS-C material for  use on Shuttle for  -- 
desiccant and C02 control i n  a f u l l  scale test. 
The objectives of the test program are:  
a.  
--- 
Material degradation under worst case mission prof i les .  
Ammonia scrubbing capabili ty of IIS-C. 
Nitrogen purging operating parameters fo r  ground operation. 
Investigation of other toxicants (e.g., - ethylene imine). - 
- _ _ _ _ ~ _ _ _  
b. Ammonia production rates under _________.___ mission simulation. -___ - 
-- -- c. 
d. 
e. 
-~ _ _ - - ~ - -  - 
- 
- -- - 
3 .  The conditioned air  t o  the canis te r  is run i n  a closed loop, i . e .  air ,  
U 
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Test Requirements 
A. Test Quipment Requirements 
Hamilton Standard t e s t  r i g  #88 will be used for  this test program (see 
figure 1).  
materials under t e s t  w i t h  automatically controlled pressure, flow rate ,  
CO2 par t ia l  pressure, dew point, and temperature. The conditioned a i r  
shall  be maintained for  the selected adsorption time while the canister 
is cooled by a constant temperature water coolant. A t  the expiration 
of th i s  time desorption begins automatically with the isolation of the 
t e s t  canister from the conditioned air and the application of a high 
vacuum t o  the HS-C in  its canister. The water coolant is maintained, and 
and heats the canister during desorption. The entire cycle is repeated 
u n t i l  the results repeat, when the system is said t o  be in %yclic 
equilibrim! '. 
I t  w i l l  provide a stream of conditioned a i r  t o  the HS-C 
B. Reliability 
The re l iab i l i ty  of the tes t  equipment must be such that the i n i t i a l  and 
f inal  t e s t  runs are reproduced within the run tolerance (see item E below). 
c. Loads 
Not applicable. 
D. Predicted Environments 
Not applicable. 
E. Allowable Tolerances 
Each run shall  be repeatable to  the t'run tolerance", defined as f 10% on 
CO2 and H20 capacity. 
F. Applicable Standards 
None. 
Dew point, pressure,inlet gas temperature, bed temperature and cycle times 
w i l l  be automatically controlled to  t e s t  values by Rig #88. 
w i l l  depend on r i g  capacity. 
Desorption vacuum 
I 
f t  
.: 
f J 
Y 
ul I 
E 
0 
? 
t; 
8 
2 
ul 
a 
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4. 
Rig #88 w i l l  be adjusted to  give the desired experimental conditions 
during cyclic operation. 
The HS-C canister is t o  be s e t  up on Rig #88 as shown in  figure 1. 
Required measurements are as follows: 
Units 
Cycle Time 
Air Flow Rate 
Inlet  Temperature 
Inlet Pressure 
Hygrometer (dew point) 
Water Temperature 
Inlet  and Outlet c02 
Weight 0 3 2  Added 
Weight Air Added 
Desorption Vacuum 
Ansnonia Concentration 
Minutes 
i n  H20 
Reported in CFM 
O F  
ps ia  
OF 
OF 
volts 
Reported as mn Hg 
l b s  
l b s  
Microns 
PPm 
f 1% of Interval 
f 10% of Flow 
f Z°F 
f 0 .2  psia 
f Z0F 
2 Z°F 
f 2% of f u l l  scale 
( fu l l  scale = 5 mn) 
t .02 lbs 
+ .02 lbs 
+ 5% of non-linear 
scale of Hastings 
gauge as calibrated 
for air 
F-11 
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Objective: A. To determine baseline performance t o  be used f o r  comparative 
purposes. 
B. To determine whether an ammonia sorbent is required as part 
of the HS-C subsystem. 
Test Number 1 2 3 4 5 
Bed Thickness 3" 3" 3" 3" 3" 
Cycle Time - ad. 30 30 30 45 45 
des. 
Flow - c-fm 
30 30 30 45 Var i ab l e  
40 40 60 40 40 
Air Temperature O F  75 120 75 75 75 
Bed Temperature O F  80 120 80 80 Variable 
'C02 - nnn Hg 3.0 5.0 5.0 5 .O 5.0 
Pressure - psia 14.7 14.7 14.7 14.7 14.7 
Vacuum level - microns 20 20 20 20 20 
Test duration - hours 48 24 24 24 48 
N2 Type of purge vac vac vac vac 
Air dew point - O F  52 52 52 52 52 
Special Measurements: hnonia  level in loop a i r  and in humidifier 
t o  be measured daily. 
If the m n i a  level in the atmosphere leaving the HS-C canister exceeds 
1 0  ppm during test number 2 an aninonia sorbent w i l l  be added t o  the system 
prior to  further testing . 
SVHSER 6185 
SERIES 2 .  MISSION SIMULATION 
Objective: To determine effect of extreme mission temperature conditions 
on material performance. 
Nominal Performance Conditions 
Bed Thickness 3” 
Cycle Time - ads. 30 min 
des. 
Flow 
30 min 
40 cfm 
Bed Temperature 80’F 
P a 2  5.0 m H g  
Temperature dew point 52’F 
Air Temperature 75’F 
Procedure 
conditions and run for three days. 
Heat canister t o  120’F for four hours. Return to  nominal test 
Repeat above cycle seven times. 
Ixlring the f i r s t  and fourth sirmlations obtain sample of chamber 
atmosphere for  trace contaminant analysis. 
Continue t o  sample ammonia on a daily basis. 
F-13 
SlrHSER 6185 
SERIES 3. EKiXEME TEMPERATURE DEWATIWTESTS 
objective : To measure performance degradation resulting from exposure 
t o  an extreme temperature. 
Heat sealed canister t o  150'F for twelve hours. 
Test performance a t  nominal test conditions for  twenty-four hours. 
Repeat above cycle twice. 
Cbtain m i a  sample from canister just  prior t o  cooling. 
obtain atmosphere sample for  trace gas analysis. 
F-14 
ACID GAS TESTS 
SVHSER 6185 
SERIES 4. 
Obiective: To determine HS-C degradation resulting from trace contaminants. 
Procedure 
and testing continued under nominal conditions for four days. 
Trace quantities of hydrogen sulfide will be introduced into the system 
F- 15 
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DIVISION OF UNlTED A.IFICPAFT CORPWATION 
Hamilton 
Standard Re SVHSER 6185 
I I- --I 1972 , 1973 
JAN. FEB . 
Series 1 
Series 2 
Series 3 
Series 4 
-- 
1 
I 
i 
SCHEDULE 
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SVHSER 6185 
APPENJXX G 
DATA LOG SHEETS 
FOR LARGE SCALE TEST 
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